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Previewselements, such as silencers and insula-
tors, also function through a similar
mechanism.
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In zebrafish early development, blastoderm cells undergo extensive radial intercalations, triggering the
spreading of the blastoderm over the yolk cell and thereby initiating embryonic body axis formation. Now
reporting in Developmental Cell, Song et al. (2013) demonstrate a critical function for EGF-dependent
E-cadherin endocytosis in promoting blastoderm cell intercalations.Morphogenesis in developing animals
is mediated by extensive rearrange-
ments of cells. Typically, these rearrange-
ments are mediated by combinations
of cell migration and cell intercalation.
In zebrafish embryogenesis, the first
major morphogenetic processes are the
bulging of the yolk cell toward the animal
pole of the embryo (dome formation)
and the spreading of the blastoderm
over the yolk cell in the direction of
the vegetal side (epiboly) (Figure 1). Both
of these processes are thought to be
driven by radial intercalation of blasto-
derm cells. Previous studies have
suggested that radial intercalation of
blastoderm cells is triggered by the
graded distribution of E-cadherin from
the outside to the inside of the blasto-
derm, promoting the movement of deep
cells toward the blastoderm surface
(Kane et al., 2005). However, while there
is compelling evidence for E-cadherin
being required for radial intercalationand epiboly movements of blastoderm
cells, the existence and functional re-
quirement of an E-cadherin gradient
within the blastoderm remain controver-
sial (Montero et al., 2005).
Song et al. (2013), in this issue of
Developmental Cell, investigate maternal
zygotic spiel-ohne-grenzen (MZspg) mu-
tant embryos, which carry a loss-of-func-
tion mutation in the Pou5f1/Oct4 gene
and show defects in epiboly progres-
sion (Lachnit et al., 2008). By analyzing
E-cadherin localization during epiboly,
the authors find that in the blastoderm
cells of epibolizing wild-type embryos,
E-cadherin localizes to intracellular
vesicles, which are positive for Rab-4,
Rab-5, and Rab-11. In contrast, no such
endosomal E-cadherin localization was
visible in MZspg mutant embryos. These
observations suggest that internalization
and/or recycling of E-cadherin are defec-
tive in MZspg mutants and that the
epiboly movement phenotype in mutantembryos might be due to this reduction
in E-cadherin turnover. The authors also
provide evidence that Pou5f1/Oct4
function in E-cadherin endocytosis is
mediated by epidermal growth factor
(EGF)-signaling triggering E-cadherin
endocytosis and/or recycling. In MZspg
embryos, the expression of EGF mRNA
is severely downregulated, and the over-
expression of EGF restores subcellular
E-cadherin vesicle formation and partially
rescues the MZspg epiboly delay pheno-
type. Furthermore, pharmacological
inhibition of EGF receptor (EGFR) kinase
activity decreases the number of E-cad-
herin vesicles and causes epiboly delay
in wild-type embryos. Finally, the authors
show that p120-catenin, previously
shown to bind to E-cadherin and modu-
late E-cadherin turnover, exhibits more
abundant plasma membrane localization
in EGFR-inhibited embryos, suggesting
that p120-catenin might mediate EGF-
dependent E-cadherin internalization.4, March 25, 2013 ª2013 Elsevier Inc. 567
Figure 1. Cellular Mechanism Underlying Radial Intercalation of Blastoderm Cells in Zebrafish Epiboly
(A) Schematic representation of a zebrafish embryo at sphere stage (left) and 50% epiboly stage (right). From sphere to 50% epiboly stage, the blastoderm
becomes thinner (epiboly) and yolk bulges toward the animal pole (doming). EVL, enveloping layer.
(B) Magnified view of the boxed blastoderm area in (A). Blastoderm becomes thinner by radial intercalation of deep cells.
(C) Tentative mechanisms triggering radial intercalation of deep cells from previous (left, Kane et al., 2005) and present (right, Song et al., 2013) studies. Previ-
ously, it was hypothesized that a gradient of E-cadherin expressionmight lead to directed radial intercalation, while in the present study, EGF-induced E-cadherin
turnover is thought to facilitate junctional remodeling required for radial intercalation.
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PreviewsTo analyze the effect of E-cadherin
internalization and/or recycling on cell
adhesion, the authors also perform cell
dissociation and aggregation assays.
Interestingly, they find that in heterotypic
aggregates of wild-type and MZspg
mutant blastoderm cells, wild-type
cells—where a substantial proportion of
E-cadherin resides within vesicles—sort
to the middle and are surrounded
by mutant cells with more abundant
E-cadherin plasma membrane localiza-
tion. This is consistent with previous
observations that reducing E-cadherin
endocytosis diminishes cohesion of
zebrafish germ layer progenitor cells
(Ulrich et al., 2005). Ultimately, the
authors show that radial cell intercalation
within the blastoderm, previously sug-
gested to drive blastoderm epiboly move-
ments, is reduced in MZspg mutant
embryos. Moreover, they find that
E-cadherin vesicles often form near cell-
cell contact sites between intercalating568 Developmental Cell 24, March 25, 2013 ªcells. Based on these observations,
the authors conclude that Pou5f1/Oct4
control epiboly movements by trigger-
ing E-cadherin turnover at cell-cell
contacts, thereby allowing blastoderm
cells to dynamically remodel their cell-
cell contacts and thus undergo efficient
intercalations during epiboly.
Lack of EGFR function has previously
been shown to lead to embryonic lethality
around midgestation in mice and gas-
trulation defects in Xenopus. However,
the precise mechanisms by which
EGF signaling functions in embryonic
development remained unclear. In the
present study, the authors provide
evidence for EGF signaling controlling
E-cadherin internalization and/or recy-
cling via p120-catenin, suggesting that
EGF signaling functions in gastrulation
by regulating E-cadherin turnover. How-
ever, while the authors demonstrate a
correlation between EGF signaling acti-
vity, E-cadherin internalization, and de-2013 Elsevier Inc.layed epiboly movements, in the absence
of suitable tools available to specifically
interfere with E-cadherin internalization
in zebrafish, it remains uncertain whether
E-cadherin represents the only effector
mechanism by which EGF signaling func-
tions in epiboly. Notably, detachment of
p120-catenin from the juxtamembrane
domain of cadherins is thought to lead to
cadherin ubiquitination and degradation
(Ishiyama et al., 2010). The authors of
the present study observed that EGF
signaling and p120-catenin detachment
from E-cadherin have no major effects
on E-cadherin degradation, suggesting
that there is an alternative mechanism of
E-cadherin internalization without exten-
sive degradation.
How does E-cadherin turnover influ-
ence epiboly movements? One likely
possibility is that sufficient turnover of
E-cadherin at cell-cell contacts is
required for contact remodeling, and
that contact remodeling is a prerequisite
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Previewsfor radial intercalation of deep cells driving
blastoderm epiboly movements. While
this suggests a permissive function of
E-cadherin turnover in facilitating radial
intercalations and epiboly movements,
E-cadherin might also have a more
instructive role in determining the orienta-
tion of radial cell intercalations. Previous
studies have suggested that a gradient
of E-cadherin expression from the outside
to the inside of the blastoderm might
trigger the movement of cells deep inside
of the blastoderm toward the outside
blastoderm surface (Figure 1). Such
directed movement of deep cells toward
the blastoderm surface would then
give rise to radial cell intercalations
preferentially oriented along the move-
ment axis (Kane et al., 2005). An alterna-
tive or additional option for orienting
radial cell intercalations might be that
the enveloping layer (EVL) cells at the
surface of the blastoderm attract deepcells to move toward the surface by, for
example, emanating chemoattractants
or allowing deep cells to strongly adhere
to them. However, neither the E-cadherin
gradient or EVL attraction hypothesis
appear to fit perfectly with the observation
that E-cadherin protein does not show
any graded distribution within the blasto-
derm (Montero et al., 2005) and that
deep cells move both toward the surface
and in the opposite direction away from
it (Song et al., 2013). Thus, perhaps the
orientation of radial intercalations is given
by forces pulling on the margin of the
blastoderm leading to an expansion and
concomitant thinning of the blastoderm
cell layer. Blastoderm thinning would
be achieved by radial intercalations of
blastoderm cells perpendicular to direc-
tion of tissue expansion, and thus the
direction of radial intercalation would be
given by the direction of the pulling forces
at the blastoderm margin. Whether suchDevelopmental Cell 2marginal pulling forces exist and whether
E-cadherin turnover might be involved
in generating these forces still needs to
be investigated.
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The role, if any, of microtubules in auxin transport is poorly understood in plant biology. In this issue of
Developmental Cell, Ambrose et al. (2013) show that the microtubule binding protein CLASP regulates
PIN2 auxin transporter trafficking and stability via Sorting Nexin1, a component of the retromer complex.Auxin signaling, the regulation of micro-
tubule dynamics and organization, and
endosomal trafficking have long been
a focus of plant cell biologists because
of their essential roles in plant cell growth
and development. However, it has been
challenging to understand spatial and
temporal coordination of these pro-
cesses. In this issue of Developmental
Cell, Ambrose et al. (2013) present
evidence that the microtubule (MT)
cytoskeleton regulates PIN2 auxin trans-
porter trafficking and stability via inter-
action between the MT binding protein
Cytoplasmic Linker Associated Protein(CLASP) and the retromer component
Sorting Nexin1 (SNX1).
Auxin regulates pattern formation,
growth, and development in plants. The
direction of auxin transport is maintained
by membrane-localized transporters
such as PINs, which undergo constitutive
endocytic recycling to the plasma mem-
brane (PM) or trafficking to the vacuole
for degradation. In this manner, endo-
membrane trafficking can affect the
abundance of PINs at the PM and, thus,
auxin transport. The microtubule cyto-
skeleton serves as an essential element
for secretory vesicle transport andorganelle movement. This is especially
important in plants where, for example,
microtubules guide the directionality of
cellulose microfibrils synthesized by the
cellulose synthase complex, which is
delivered to the PM in secretory vesicles.
Recent evidence shows that auxin regu-
lates MTs and the actin cytoskeleton
through an ABP1 auxin receptor-medi-
ated ROP signaling pathway (Shi and
Yang, 2011). However, strong evidence
for how MTs could directly regulate
auxin transporter trafficking and thus
auxin signaling was lacking. Using a clasp
mutant combined with cell imaging and4, March 25, 2013 ª2013 Elsevier Inc. 569
